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Abstract

Background and Aims: An enlarged gastrojejunal anastomosis (GJA) is associated with weight
regain after Roux-en-Y (RYGB) and can be corrected with endoscopic (ENDO) or surgical
(SURG) revision; however, there has been no direct comparison between techniques. This study
aims to compare serious adverse event (SAE) rates and weight loss profiles between ENDO and
SURG revisional techniques over a 5-year period.

Methods: Retrospective matched cohort study of RYGB patients who underwent ENDO or
SURG revision for weight regain with an enlarged GJA (>12 mm). ENDO patients were matched
1:1 to SURG patients based on completion of 5-year follow-up, age, sex, body mass index

(BMLI), initial weight loss, and weight regain. Demographics, GJA size, SAEs, and weight profiles
were collected. The primary outcome was comparison of SAE rates between groups. Secondary
outcomes included weight loss comparisons. A Fisher exact test was used to compare the SAE
rate, and a Student t-test was used for weight comparisons.

Results: Sixty-two RYGB patients with weight regain and an enlarged GJA (31 ENDO, 31
matched SURG) were included. Baseline characteristics were similar between groups. The adverse
event rate in the ENDO group (6.5%) was lower than the SURG group (29.0%); p=0.043. There
was a total of 0 (0%) and 6 (19.4%) serious (severe) adverse events in the ENDO and SURG
groups, respectively (p=0.02). There was no significant difference in weight loss at 1, 3, and 5
years.

Conclusions: Endoscopic revision of the gastrojejunal anastomosis is associated with
significantly fewer total and severe adverse events and similar long-term weight loss when
compared with surgical revision.

Keywords

Roux-en-Y gastric bypass; weight regain; recidivism; transoral outlet reduction (TORe);
restorative obesity surgery endoluminal (ROSE); revisional bariatric surgery; limb lengthening

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review
of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered
which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dolan et al.

Page 2

Introduction:

Methods:

The Roux-en-Y gastric bypass (RYGB) is one of the most commonly performed bariatric
surgeries worldwide 1 and is effective at reversing components of the metabolic syndrome,
including waist circumference reduction, type 2 diabetes mellitus, hypertension, and
hypertriglyceridemia 2. This primarily results from large weight loss after the procedure,
with total weight loss between 25% to 30% and excess weight loss between 57% to 68.3% at
5 years 3-6. Despite successful weight loss after RYGB, weight regain in subsequent years is
common 7, with an average of 20% to 30% of pre-bypass weight regained at 10 years after
the initial operation. Nearly one-third of individuals regain almost their entire pre-bypass
weight 8. There are often multifactorial etiologies to weight regain, including anatomic,
medical, behavioral and psychosocial factors 911, One of the anatomic causes is dilation

or incompetence of the gastrojejunal anastomosis (GJA), particularly when the diameter is
greater than 15 mm to where as much as 8% of percent maximal weight loss is regained

for every 10 mm increase in GJA diameter measured at 5 years post-RYGB 12 13, When
GJA incompetence or dilation occurs, repair with diameter reduction has been demonstrated
through both endoscopic and surgical approaches 14 15,

The transoral outlet reduction (TORe) is an endoscopic procedure performed with
endoscopic suturing of the GJA tightened around a 6 to 10 mm balloon, which has been
shown to be safe and technically feasible 1> 16, Although variable suture patterns are
performed, the purse-string pattern has been associated with the greatest weight loss 17.
Adverse event rates after TORe have been reported between 5% and 11.4% 18. 19 and total
weight loss as high as 8.8% at 5 years 19. Contrarily, prior surgical GJA revision has been
associated with successful weight loss, however major adverse event rates between 8% and
50% 20. 21 Despite its proven safety and efficacy, long-term comparison of TORe safety
and weight loss success to surgical GJA revision remains unknown. The primary aim of
this study was to compare the safety of the endoscopic Transoral Outlet Reduction (TORe)
to surgical GJA revision for the indication of weight regain after prior Roux-en-Y gastric
bypass (RYGB). The secondary aim was to evaluate the efficacy of inducing weight loss
after TORe compared with surgical GJA revision.

Study design

This was a retrospective matched cohort study of RYGB patients with weight regain, at least
partially attributable to an incompetent or dilated GJAZ2, who underwent endoscopic TORe
(ENDO) or surgical GJA revision (SURG) treatment at 2 tertiary referral centers. These 2
groups were followed over a 5-year duration from an index date of GJA revision. A patient
search was systematically performed using a large Research Patient Data Registry (RPDR)
to identify patients who previously underwent treatment for weight regain after RYGB due
to an incompetent or dilated GJA. All patients were sequentially included within the original
database, which was reported previously!®. From this database, matching to surgical patients
was performed as described below. Of note, patients included in the endoscopy cohort were
previously included in a five-year follow-up study without comparison group 9. Institutional
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Review Board approval was obtained for retrospective review of data used in this study
(approval number: 2003P-001597, renewed approval on 05/08/2020).

ENDO patients were matched 1:1 to SURG patients based on completion of 5-year follow-
up, age within 7 years, sex, body mass index (BMI) within 5 kg/m?, initial percentage of
total weight loss (% TWL) between RYGB and nadir weight within 10%, and weight regain
within 5%. Weight regain was calculated as the percentage of weight that was regained from
the initial postoperative total weight loss (between preoperative weight and postoperative
nadir). Patient demographics, GJA size, adverse events, and weight parameters were
obtained. The inclusion of trainee participation was recorded as all patient interventions
were performed at 2 large academic teaching hospitals. Adult patients were included if they
were >18 years of age, had received a diagnosis of weight regain or inadequate weight

loss after RYGB at least partially attributable to an incompetent or dilated GJA, and had
undergone either endoscopic or surgical GJA rvision. At our institution, patients are eligible
for bypass revision if they have regained =15% of initial maximum weight loss (%6 TWL
after the initial operation) and are at least 2 years postoperative. To date, there are no
universal definitions; however, these parameters have been referenced previously 1°. Patients
were excluded if they underwent endoscopic or surgical revision for an alternative cause of
weight regain, such as gastrogastric fistula or limb lengthening.

Outcome Measures

The primary outcome was comparison of adverse event rates between groups. Adverse
events were delineated based on validated reporting standards. The American Society for
Gastrointestinal Endoscopy (ASGE) lexicon for reporting endoscopic adverse events was
referenced to delineate adverse events of interest 23, This lexicon was developed through
consultation with members from the National Surgical Quality Improvement Program
(NSQIP) 24, which has been embraced among surgical specialties as a platform for adverse
event reporting 2°. “Early” adverse events were characterized as those occurring within 30
days after revision, compared with “late” adverse events, which are those that occurred
beyond 30 days. Secondary outcomes included comparisons of the amount of weight loss,
reported using absolute weight loss (kg), body mass index (BMI; kg/m?2), percentage of total
weight loss (% TWL) and percentage of excess weight loss (%EWL) at 1, 3, and 5 years
after gastric bypass revision. Weight at time of revision served as the index weight used for
calculation of the follow-up weight parameters.

Statistical Analysis

Standard statistical analyses were used. Specifically, a Fisher exact test was used to compare
rate of adverse events and Student t-test was used for weight comparisons. Statistical
significance was noted when p-values were <0.05. Statistical analyses were performed using
SAS software, version 9.4 (SAS Institute, NC, USA).
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Baseline Characteristics

A total of 62 RYGB patients (31 ENDO, 31 matched SURG) were included for analysis. All
participants in both groups completed 5-year follow-up. Baseline cohort characteristics are
shown in Table 1. Mean (SD) age was 48.6 (9.5) years in the ENDO group compared with
48.1 (8.4) years in SURG (p=0.84). Both groups contained 26 (83.9%) females (p=1.0). The
mean (SD) duration between RYGB and date of GJA revision was 9.1 (3.2) and 6.7 (4.1)
years in the ENDO and SURG groups, respectively (p=0.01). Percent initial total weight
loss (%TWL) after RYGB was 40.8 (8.7) and 37.1 (12.7) in the ENDO and SURG groups,
respectively (p=0.2). Percent weight regain from initial lost weight after RYGB was similar
between groups; 52.8% (34.1) in ENDO and 55.3% (29.5) in SURG (p=0.77). Weight and
BMI before revision was 111.1 (29.3) kg and 40.5 (9.4) kg/m?2 in the ENDO group and
114.6 (30.2) kg (p=0.65) and 41.5 (9.1) kg/m? (p=0.68) in the SURG group. The mean

GJA diameter in the ENDO group (n=31) was 24.4 (6.4) mm and GJA diameter within the
SURG group (n=10) was 19.6 (1.2) mm (p=0.03). All endoscopic procedures had trainee
involvement (n=31; 100%) compared with 29 (93.5%) in the surgical group.

Procedural Techniques

All patients who underwent endoscopic revision received sedation with general anesthesia
and CO, insufflation was used throughout the procedure. Endoscopic examination was
performed using a standard upper endoscope to confirm the presence of a dilated or
incompetent gastrojejunal anastomosis, lack of contraindications such as active gastric

or jejunal ulceration and administer simethicone 120mL approximately 90 cm distal to

the GJA within the Roux limb. An overtube was then placed, followed by application

of argon plasma coagulation (APC) in a circumferential pattern surrounding the GJA to
reduce tissue compliance and enhance tissue strength for suturing. The endoscope was

then exchanged for a dual-channel therapeutic endoscope with the Apollo Overstitch device
(Apollo Endosurgery, Austin, Tex, USA). Either interrupted sutures or a circumferential
purse-string pattern was deployed around the GJA and the suture tightened around a 6 to 10
mm dilator balloon before cinching. This was followed by placement of simple interrupted
stitches (1-2) within the gastric pouch for reinforcement when feasible.

All patients who underwent surgical revision received sedation with general anesthesia.
Patient positioning and decision between a laparoscopic and open approach were dependent
on surgeon preference and patient anatomy. Multiple techniques were deployed; however,
all patients underwent revision of the gastrojejunal anastomosis with either oversewing

of present GJA (n=5) or resection and creation of a new GJA using hand sewing or

stapler techniques (n=26). Among oversewn GJA cases, 3 were laparotomies and 2 were
laparoscopies. Among new GJA cases, 11 were laparotomies and 15 were laparoscopies.
Additionally, gastric pouch shortening was performed in 21 (60%) of new GJA cases and 5
(100%) of cases who received oversewing of the existing GJA.
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Adverse Events

The overall adverse event rate was significantly lower in the ENDO group than the SURG
group (6.5% vs 29.0%; p=0.04) (Table 2). When comparing adverse event rates across
hospitals where surgical revisions were performed, there was no difference between sites
(p=0.78). SAEs within the ENDO group included GJA stenosis requiring balloon dilation
(1) and gastrointestinal bleeding (1). SAEs within the SURG group included leak (3), GJA
stenosis requiring balloon dilation (2), ulcer (1), gastrointestinal bleeding (1), incarcerated
incisional hernia (1), and high-grade small-bowel obstruction (1). Regarding severity, there
were a total of 0 (0%) and 6 (19.4%) serious (severe) adverse events in the ENDO and
SURG groups, respectively (p=0.02). These included postoperative leak (3), incarcerated
incisional hernia (1), deep abdominal wall abscess (1), and high-grade SBO (1) in the SURG
group. A total of 1 (2.9%) adverse event was considered early in the ENDO group, whereas
7 (22.3%) were early in the SURG group (p=0.53).

Weight Loss

When comparing weight loss parameters, ENDO patients experienced similar weight loss to
SURG patients at 1, 3 and 5 years (Figure 1). At 1-year, the weight parameters for ENDO
and SURG groups were weight (94.1 vs 96.9 kg; p=0.71), BMI (34.6 vs 35.1 kg/m?; p=0.82)
absolute weight loss (10.8 vs 17.6 kg; p=0.16), %TWL (9.7% vs 14.3%; p=0.20) and
%EWL (13.2 vs 18.6%; p=0.25). At 3-years, the weight parameters for ENDO and SURG
groups were weight (101.1 vs 97.2 kg p=0.62), BMI (36.9 vs 35.2 kg/m?; p=0.47) absolute
weight loss (11.2 vs 16.5 kg; p=0.32), %TWL (8.6% vs 15.8%; p=0.09) and %EWL (11.9%
vs 19.5%; p=0.14). At 5-year follow-up, the weight parameters for ENDO and SURG
groups were weight (97.2 vs 99.7 kg; p=0.71), BMI (35.4 vs 35.9 kg/m?; p=0.83), absolute
weight loss (13.9 vs 14.3 kg; p=0.93), %TWL (11.5% vs 13.1%; p=0.67), and %EWL
(15.4% vs 15.8%; p=0.92).

Discussion:

Gastrojejunal anastomosis incompetence or dilation is a common cause for weight

regain after Roux-en-Y Gastric bypass and can be treated through either endoscopic

or surgical techniques. The present study demonstrates that endoscopy is associated

with significantly fewer overall and severe adverse events than the surgical approach.
Furthermore, there were no observed severe (serious) adverse events within the endoscopy
group, highlighting endoscopic TORe as a reproducible and safe procedure. Although this is
likely multifactorial, a major benefit to the endoscopic approach is access to the treatment
area (ie, GJA) with less impediment from anatomical barriers such as adhesions, which
commonly occur around surgical sites such as the GJA. The adverse events associated with
endoscopic revision tend to occur earlier and respond well to targeted therapies 19, whereas
surgical adverse events, such as tissue ischemia, marginal ulceration or incisional hernia,
tend to have a more protracted course 21 26,

Additionally, weight loss between the 2 modalities appears to be similar at 1, 3, and 5 years.
In considering these results, endoscopic revision may serve as a more favorable approach
with safer risk profile as compared with surgical revision of the GJA. Nevertheless, surgical
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limb distalization would be a reasonable consideration in patients who fail to lose adequate
weight after endoscopic revision, or when the GJA is not thought to be a major contributor to
weight regain?’.

There are a few limitations to consider. First, this is a retrospective comparison with risk
for inherent limitations associated with this study design. A specific concern is that patient
selection may be at least partially subject to confounding by indication as the presence

of few or many comorbidities may dictate whether an individual received an endoscopic

or surgical intervention. However, given a propensity for sicker patients to undergo less-
invasive alternatives to surgery, confounding would be expected to bias the adverse event
rate difference toward the null as opposed to favor endoscopy, as demonstrated in this study.
Furthermore, this approach likely reflects broad clinical practice patterns as collaborative
decision-making often occurs between medical and surgical specialties. Second, both
endoscopic and surgical GJA revision techniques require experienced proceduralists in
specialty centers, which therefore may affect generalizability of these results. Finally, a
minority of the surgical cohort had GJA diameter size measurements, limiting our ability to
match based on that parameter. Despite these limitations, this study has primary strengths
including a direct comparison between endoscopic and surgical techniques and contains a
large number of patients followed for 5 years compared with relatively smaller prior studies,
particularly within the surgical literature.

In conclusion, endoscopic revision of the gastrojejunal anastomosis has an improved safety
profile, with fewer total and serious adverse events, compared with surgical revision yet
provides similar long-term weight loss.

ACRONYMS

(AE) Adverse Event

(APC) Argon plasma coagulation

(ASGE) American Society for Gastrointestinal Endoscopy
(BMI) Body Mass Index

(ENDO) Endoscopic

(GJA) Gastrojejunal Anastomosis

(NSQIP) National Surgical Quality Improvement Program
(ROSE) Restorative Obesity Surgery Endoluminal
(RYGB) Roux-en-Y Gastric Bypass

(SAE) Serious adverse event

(SURG) Surgical

(TORe) Transoral Outlet Reduction
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(%TWL) Percentage of total weight loss

(YoEWL) Percentage of excess weight loss
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Weight Over 5-year Follow-up
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Figure 1:

Weight loss during 5-year follow-up. A, Mean (95% confidence interval) weights (kg) in
ENDO and SURG groups during 5-year follow-up. B, Mean (standard error) percentage of
total weight loss (%) in ENDO and SURG groups over 5-year follow-up.
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Table 1:

Baseline characteristics of endoscopic and surgical cohorts

Demographics at time of revision Endoscopic (n=31) | Surgical (n=31) | P value
Age — years 48.6 (9.5) 48.1 (8.4) 0.84
Female — n (%) 26 (83.9) 26 (83.9) 1.0
Time since RYGB - years 9.1(33.2) 6.7 (4.1) 0.01
Percent of total weight loss between RYGB and nadir — % 40.8 (8.7) 37.1(12.7) 0.2
Percent weight regain from initial post-bypass loss — % 52.8 (34.1) 55.3 (29.5) 0.77
Weight prerevision — kg 111.1 (29.3) 114.6 (30.3) 0.65
BMI prerevision — kg/m? 40.5(9.4) 41.5(9.1) 0.68

Presented as mean (standard deviation). RYGB: Roux-en-Y gastric bypass. BMI: body mass index.
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Table 2:
Adverse event rate comparison
Outcome ENDO SURG Pvalue
(n=31) (n=31)
AE - n (%) 2(6.5) 9(29) 0.043
Gastrointestinal leak/perforation 0 3(9.7)
Ulcer 0 1(3.2)
GJA stenosis 1(32) 2(6.5)
Gastrointestinal bleeding 132 132
Small-bowel obstruction 0 1(3.2)
Incarcerated incisional hernia 0 1(3.2)
Serious adverse events — n (%) 0 6(19.4) 0.024
Early adverse events — n (%) 1(32) 7(223) 0.53

Page 11

Adverse event rate comparison between endoscopic and surgical GJA revision. AE: Adverse Event. GJA: Gastrojejunal anastomosis. Serious
adverse events determined in reference to the American Society for Gastrointestinal Endoscopy (ASGE) lexicon for reporting endoscopic adverse

events 23 and the National Surgical Quality Improvement Program (NSQIP) 25, Early events defined as those which occurred within 30 days of

revision.

Gastrointest Endosc. Author manuscript; available in PMC 2022 November 01.



	Abstract
	Introduction:
	Methods:
	Study design
	Outcome Measures
	Statistical Analysis

	Results:
	Baseline Characteristics
	Procedural Techniques
	Adverse Events
	Weight Loss

	Discussion:
	References
	Figure 1:
	Table 1:
	Table 2:

